BACKGROUND AND PURPOSE: 3D-FLAIR imaging 24 hours after intratympanic gadolinium injection (IT-method) or 4 hours after IV injection (IV-method) has been used to visualize the endolymphatic hydrops in Mé niè re disease. The purpose of this study was to compare the degree of perilymph enhancement with the 2 methods and the perilymph contrast-effect difference with the IV-method in both sides in patients with unilateral Mé niè re disease.
F
LAIR imaging is a sensitive technique for the detection of high-protein-content fluid or tissue in the CSF such as in acute meningitis or subarachnoid hemorrhage and various cystic intracranial mass lesions.
1,2 3D-FLAIR imaging can minimize the undesired ghosts of CSF flow 3 and enable recognition of the subtle compositional changes in lymph fluid in the inner ear. [4] [5] [6] In addition, increased signal intensity of the diseased inner ear can also be observed on 3D-FLAIR imaging shortly after IV gadolinium injection; this technique has been reported to be useful for pathophysiologic analysis of the inner ear in many auditory diseases, such as sudden SNHL, cholesteatoma, cochlear otosclerosis, and vestibular schwannoma. [7] [8] [9] [10] 3D-FLAIR imaging 24 hours after intratympanic gadolinium injection (IT-method) has been reported to visualize perilymph and endolymph fluid separately and to enable preliminary prediction of drug distribution to the inner ear, such as gentamicin and steroids. [11] [12] [13] [14] The sensitivity of gadoliniumagent detection in perilymph 24 hours after intratympanic gadolinium injection on 3D-FLAIR has been reported to be superior to that on 3D-T1-weighted imaging or on the 3D-constructive interference in steady state sequence, 15 suggesting that 3D-FLAIR would be most suited for signal-intensityalteration assessment 24 hours after intratympanic gadolinium injection. On the other hand, 3D-FLAIR imaging 4 hours after IV gadolinium injection (IV-method) also has been recently reported to visualize perilymph and endolymph fluid separately, in a less invasive manner than the IT-method, and also enables ascertaining the presence of endolymphatic hydrops in bilateral cochleae. 16, 17 Consequently, both the ITmethod and IV-method are useful techniques for clarification of the inner ear clinical condition, though a statistical analysis of signal-intensity differences in the perilymph fluid between the 2 methods has not been previously reported, to our knowledge. The principal purpose of the present study was to evaluate the signal intensity of the cochlear perilymph by using both the IT-method and IV-method and to clarify the differences in contrast effect between these 2 techniques. In addition, the contrast effect difference in the cochlear perilymph with the IV-method between affected and unaffected sides in patients with unilateral Ménière disease was also evaluated to infer the condition of the blood-labyrinth-barrier permeability of patients with Ménière disease.
Materials and Methods

Study Population
The records of 61 consecutive patients who underwent the IT-method (39 patients) or the IV-method (22 patients) of MR imaging of the inner ear at our hospital from October 2008 to January 2010 were retrospectively examined. The number of patients who underwent the IT-method was larger than that of patients who underwent the IV-method because the IT-method was performed in clinical research before the administration of the IV-method. The 39 IT-method patients (19 men, 20 women; 16 -80 years of age; mean age, 49.9 years), 33 with clinically diagnosed Ménière disease (17 men, 16 women; 16 -80 years of age; mean age, 50.0 years) and 6 with sudden SNHL (2 men, 4 women; 26 -67 years of age; mean age, 49.8 years), underwent unilateral intratympanic administration of Gd-DTPA (Magnevist; Bayer Schering, Osaka, Japan). These patients were evaluated for clinically severe vertigo or hearing loss and underwent intratympanic gadolinium injection for simulation of intratympanic injection therapy with gentamicin to control severe vertigo or with steroids to treat SNHL. [18] [19] [20] [21] On the other hand, the 22 IV-method patients (9 men, 13
women; 21-76 years of age; mean age, 49.0 years), 17 with clinically diagnosed Ménière disease (7 men, 10 women; 21-74 years of age; mean age, 46.6 years) and 5 with sudden SNHL (2 men, 3 women; range, 42-76 years of age; mean age, 57.2), underwent IV administration of Gd-HP-DO3A (ProHance; Eisai, Tokyo, Japan). These patients were evaluated for vertigo for which we were not planning to administer intratympanic injection therapy immediately because the degree of vertigo was not severe enough to restrict daily life, with bilateral disease presentation or before the application of initial therapies such as administration of isosorbide or systemic steroid therapy. These decisions concerning which method to apply were made by otorhinolaryngologists in charge clinically, because there are no categoric sorting criteria in the choice of the IT-and IV-methods at present. In the present study, IV administration of Gd-HP-DO3A was performed as a double dose (0.4 mL/kg body weight [ie, 0.2 mmol/kg body weight]). Although the standard dose of gadolinium contrast agent is 0.2 mL/kg body weight, a dose of 0.4 mL/kg body weight is permitted only for Gd-HP-DO3A in our country by the Japanese governmental health insurance system if the aim is to visualize metastatic brain tumors. Therefore, we used Gd-HP-DO3A for a doubledose IV administration with written informed consent from all patients for research funded by the Japan Society for the Promotion of Science. The gadolinium contrast agents used in the IT-method and IV-method were different because the evaluation of endolymphatic hydrops by the IT-method by using Gd-DTPA was performed in clinical research before the administration of the IV-method using a double dose of Gd-HP-DO3A. The Gd-DTPA was used for the ITmethod at least until January 2010 because there was an accumulation of data on the IT-method with Gd-DTPA before the administration of IV-method with a double-dose of Gd-HP-DO3A. We obtained written informed consent from all patients and study approval from the Ethics Review Committee of our institution (approval numbers 369, 369-2, 369-3, and 369-4).
Intratympanic Gadolinium Injection
Intratympanic injection of gadolinium was performed as reported previously 11 in a study that indicated a delay of 24 hours between intratympanic gadolinium injection and MR imaging to be optimal for allowing wide gadolinium distribution in the perilymphatic space of the labyrinth. Briefly, Gd-DTPA (500 mmol/L) was diluted 8-fold with saline (volume/volume 1:7) and injected intratympanically by using a 23-ga needle and a 1-mL syringe after the patient was placed in the supine position with the head turned approximately 30°away from the sagittal line toward the healthy ear. The diluted Gd-DTPA was injected until a backflow of fluid into the external ear was observed through a microscope, resulting in an injected volume of 0.4 -0.5 mL per patient. After the injection, the patient remained in the supine position for 60 minutes with the head turned approximately 60°away from the sagittal line toward the healthy ear. Gentamicin or steroids were not injected at the same time as Gd-DTPA. All patients underwent MR imaging 24 hours after intratympanic gadolinium injection.
IV Gadolinium Injection
All patients underwent IV administration of a double dose (0.4 mL/kg body weight, [ie, 0.2 mmol/kg body weight]) of Gd-HP-DO3A. Although the standard dose of gadolinium contrast agent is 0.2 mL/kg body weight, a dose of 0.4 mL/kg body weight is permitted only for Gd-HP-DO3A in our country by the Japanese governmental health insurance system if the aim is to visualize metastatic brain tumors. Therefore, we used Gd-HP-DO3A for a double-dose IV administration with written informed consent from all patients and study approval from the Ethics Review Committee of our institution as a research funded by Japan Society for the Promotion of Science. All patients underwent MR imaging 4 hours after IV gadolinium injection because a delay of 4 hours between IV gadolinium injection and MR imaging is reported to be optimal to allow wide gadolinium distribution in the perilymphatic space of the labyrinth.
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MR Imaging Protocol
All scans were performed on a 3T MR imaging scanner (Magnetom Trio; Siemens, Erlangen, Germany) by using a receive-only 32-channel phased-array coil. Patients underwent 3D-FLAIR imaging 24 hours after intratympanic injection of diluted Gd-DTPA or 4 hours after IV injection of a double-dose of Gd-HP-DO3A.
The parameters for 3D-FLAIR were as follows: TR, 9000 ms; TE eff , 458 ms; TI, 2500 ms; variable flip-angle echo-train with average flip angle, 120°; echo-train length, 119; matrix size, 256 ϫ 256; 48 axial 0.8-mm thick sections covering the labyrinth with 180 ϫ 150 mm FOV; generalized autocalibrating partially parallel acquisition acceleration factor, 2; voxel size, 0.7 ϫ 0.7 ϫ 0.8 mm; NEX, 2; scanning time, 5 minutes 26 seconds; readout bandwidth, 592 Hz/pixel; and echo spacing, 3.7 ms.
MR Imaging Evaluation and Statistical Analysis
We analyzed images on a PACS workstation (Rapid Eye Station; Toshiba Medical Systems, Otawara, Japan) (Figs 1 and 2). For each patient who underwent intratympanic gadolinium injection, we determined a circular 0.6-mm 2 region of interest of the injected-side cochlea and a circular 50-mm 2 region of interest of the medulla oblongata on 3D-FLAIR images at a workstation. In the same way, for each patient who underwent IV gadolinium injection, we determined a circular 0.6-mm 2 region of interest of both cochleae and a circular 50-mm 2 region of interest of the medulla oblongata on 3D-FLAIR images. Instead of the vestibule, we chose the cochlea for the assessment of inner ear contrast effect because the presumed location of diffusion of intratympanically injected gadolinium from the middle ear to inner ear is the round window. On each cochlea, we set the region of interest on the scala tympani of the basal turn because the gadolinium agent injected into the tympanic cavity distributes into the perilymph space of the scala tympani through the round window initially and elevation of the cochlear signal intensity is most easily observed at this position 24 hours after intratympanic gadolinium injection. 11 Intravenously administered gadolinium agent also distributes into the perilymph space of the scala tympani through the blood-perilymph barrier, and elevation of the cochlear basal turn signal intensity is most easily observed 4 hours after IV gadolinium injection on 3D-FLAIR in human subjects. 16, 22, 23 The region of interest of the medulla oblongata was set on the center of the medulla oblongata at the identical section of the basal turn of the cochlea. The region of interest of the medulla oblongata did not include the signal intensity of CSF or vessels. We evaluated the ratio of the cochlear signal intensity of each cochlea to that of the medulla oblongata (CM ratio). The IT-method CM ratio was evaluated only on the gadolinium-injected side, whereas the IV-method CM ratio was evaluated on both sides. In calculating the CM ratio, we selected the medulla oblongata for reference to enable statistical comparison of the cochlear signal intensity of the IT-method and IV-method and to enable statistical comparison of the cochlear signal intensity of both sides with the IV-method. 10, 15 The results by simple measurement of the signalintensity ratio on MR imaging have been reported to correlate well with those by a more quantitative method. 24 We determined the circular 50 mm 2 regions of interest for cerebellar white matter of both cerebellar hemispheres at the identical section of the basal turn of the cochlea on each image and evaluated the ratio of the signal intensity of each cerebellar white matter to that of the medulla oblongata (WM ratio) to estimate the uniformity of the magnetic field. One radiologist (M.Y.), with knowledge of prior intratympanic or IV gadolinium injection and diagnoses, performed these measurements. Blinded measurement of the signal intensity without the knowledge of which method was performed was not feasible in the present study because the IT-method patients represented high signal intensity of the unilateral inner ear, while the IV-method patients represented the contrast effect on both inner ears. To ensure the reliability of the signal intensity measured in the small region of interest of the cochlea and to diminish the measurement error, we determined every region of interest twice for each patient on different days and averaged the signal intensities of the 2 measurements for analysis. A Student t test was used to compare the differences in CM ratio between the IT-method and the IV-method, and in the mean age between IT-method and IV-method patients. A paired t test was used to compare the differences in the IV-method CM ratio between the affected and unaffected sides in patients with unilateral Ménière disease (affected and unaffected sides were determined by clinical assessments of hearing loss, tinnitus, and aural fullness) and to compare the WM ratio between right and left sides. The Fisher exact probability test was used to compare the difference in sex ratio between ITmethod and IV-method patients. In this study, P Ͻ .05 represented statistical significance.
The existence or nonexistence of gross body motion, which induces motion artifacts, visible signal intensity abnormalities of medulla oblongata (eg, infarction, degenerative disorder), or mastoid air cells (eg, otitis media, cholesterol granuloma) was assessed visually at the time of cochlear analysis. The existence or nonexistence of side effects (eg, nausea, vomiting, exanthem, subjective exacerbation of vertigo, or hearing loss) attributed to the IT-method or IV-method was also observed.
In 5 patients with sudden SNHL who underwent the IV-method, 3 patients had bilateral hearing loss (the average hearing levels with the average score at 500, 1000, and 2000 Hz were Ͼ50 dB) and 2 patients had unilateral loss. In those 3 patients who had bilateral hearing loss, 2 had simultaneous occurrence of sudden SNHL of both ears, and the other patient had a history of sudden SNHL, which resulted in sustained hearing loss and metachronous onset of sudden SNHL of the other side. The IV-method CM ratio of the 2 unaffected ears, which did not have severe hearing loss (the average hearing levels as the average score at 500, 1000, and 2000 Hz were Ͻ40 dB), of the 2 patients with unilateral sudden SNHL was observed to evaluate the contrast effect of the cochleae, which were regarded as controls 4 hours after double-dose IV gadolinium injection.
Results
No image of any patient showed gross body motion during the examination or visible abnormality of the medulla oblongata or mastoid air cells. The mean age and the sex ratio did not differ significantly between the IT-method and IV-method patients (P ϭ .83 for mean age, P ϭ .38 for sex ratio). The WM ratio between the right and left sides did not differ significantly for either method (IT-method: right side mean WM ratio, 1.01 Ϯ 0.09; range, 0.86 -1.29; left side mean WM ratio, 1.02 Ϯ 0.12; range, 0.80 -1.28; P ϭ .66; IV-method: right side mean WM ratio, 0.97 Ϯ 0.09; range, 0.82 to 1.12; left side mean WM ratio, 0.98 Ϯ 0.10; range, 0.80 -1.17; P ϭ .79).
The IT-method CM ratio (2.98 Ϯ 1.15; range, 0.43-4.63; n ϭ 39) was significantly higher than the IV-method CM ratio (1.61 Ϯ 0.60; range, 0.95-3.66; n ϭ 44) (P Ͻ .001, Fig 3) . In the Fig 1. A 3D-FLAIR image at the level of the cochlear basal turns after intratympanic gadolinium injection of the right side (IT-method) of a 63-year-old woman with right sudden SNHL is presented. The intratympanic gadolinium injection was administered 24 hours before MR imaging, and the right cochlear basal turn has extremely high signal intensity. On this image, a 0.6-mm 2 circular region of interest on the scala tympani of the cochlear basal turn of the gadolinium-injected side, a 50-mm 2 circular region of interest on the center of the medulla oblongata, and a 50-mm 2 circular region of interest on the cerebellar white matter of both cerebellar hemispheres are set. patients with unilateral Ménière disease who underwent the IV-method (n ϭ 9), the CM ratio of the affected side (1.86 Ϯ 0.74; range, 0.99 -3.17) was significantly higher than that of the unaffected side (1.29 Ϯ 0.31; range, 0.95-1.88) (P Ͻ .05; Figs 4 and 5). The IT-method CM ratio (2.98 Ϯ 1.15; range, 0.43-4.63; n ϭ 39) was significantly higher than the IVmethod CM ratio in the affected side in patients with unilateral Ménière disease (1.86 Ϯ 0.74; range, 0.99 -3.17; n ϭ 9) (P Ͻ .01). No side effects were observed in either IT-or IVmethod patients. In 2 unaffected ears of 2 patients with unilateral sudden SNHL who underwent the IV-method, the average hearing levels as the average score at 500, 1000, and 2000 Hz and the CM ratio were as follows: 23.3 dB, 1.02; 38.3 dB, 1.32.
Discussion
To the best of our knowledge, this is the first report to describe the differences in contrast effect in the cochlear perilymph between gadolinium contrast agents injected either intratympanically or intravenously in human patients. Both methods have recently been applied to the in-depth investigation of endolymphatic hydrops clinically. The results of the present study suggest that the IT-method provides higher perilymph enhancement than the IV-method in general. Usually gadolinium agents injected either intratympanically or intravenously are distributed in the perilymph but not in the endolymph. Therefore, the IT-method can provide stronger endolymph/ perilymph contrast in general, thereby enabling the observer to more precisely estimate the degree of endolymphatic hydrops. In addition, the IT-method is a useful preliminary prediction tool of drug distribution to the inner ear, such as the distribution of gentamicin and steroids after intratympanic administration. [11] [12] [13] [14] For the patients with an inner ear disorder who have restrictions in daily life caused by vertigo or hearing loss, further imaging investigation of the inner ear and preliminary prediction of drug distribution to the inner ear are extremely important matters to improve their quality of life. Therefore, the features of the IT-method observed in the present study warrant considering their advantage for the close investigation of inner ear disorders.
On the other hand, the IT-method has some restrictions. It is capable of detailed investigation of endolymphatic hydrops only on the gadolinium-injected side. Therefore, the patients whose ears need to be investigated on both sides have to be injected twice. In addition, the patients have to undergo additional injection in case the adhibition of intratympanic drug injection therapies were decided. Furthermore, in the ITmethod group of the present study, the SD of the CM ratio was larger than that of the IV-method group, and in some patients the CM ratio was extremely low. Two IT-method patients had a CM ratio Ͻ0.70, while the lowest CM ratio of the IV-method group was 0.95. These results suggest inadequate transition of the gadolinium agent from the tympanic cavity to the perilymph space through the round window in some patients and that the degree of the contrast effect of perilymph after intratympanic gadolinium injection may have larger interindividual differences than that after IV injection. The permeability of the round window was reported to be poor in 13% of ears in patients with inner ear disorders who underwent intratympanic gadolinium injection. 25 In such patients with inadequate transition of gadolinium agent to the perilymph, detailed evaluation of endolymphatic hydrops is difficult and insufficient drug distribution from the tympanic cavity to the inner ear is anticipated, though it is difficult to predict the degree of gadolinium transition before an MR imaging examination. In the present study, 2 patients underwent both the IT-method and the IV-method. These patients had an ex- Signal-intensity ratios between the cochlea and medulla oblongata (CM ratio) on 3D-FLAIR imaging 24 hours after intratympanic gadolinium injection (IT-method) and 3D-FLAIR imaging 4 hours after IV gadolinium injection (IV-method). The IT-method CM ratio (2.98 Ϯ 1.15; range, 0.43-4.63; n ϭ 39) is significantly higher than the IV-method CM ratio (1.61 Ϯ 0.60; range, 0.95-3.66; n ϭ 44) (P Ͻ .001).
Fig 4.
A 3D-FLAIR image at the level of the cochlear basal turns after IV gadolinium injection (IV-method) in a 36-year-old woman with right-sided unilateral Ménière disease is presented. The IV gadolinium injection was administered 4 hours before MR imaging, and the right cochlear basal turn has higher signal intensity than the left cochlear basal turn. On this image, a 0.6-mm 2 circular region of interest on the scala tympani of both cochlear basal turns, a 50-mm 2 circular region of interest on the center of the medulla oblongata, and a 50-mm 2 circular region of interest on the cerebellar white matter of both cerebellar hemispheres are set.
Fig 5.
Signal-intensity ratios between the cochlea and medulla oblongata (CM ratio) of affected and unaffected sides in patients with unilateral Ménière disease who underwent 3D-FLAIR imaging 4 hours after IV gadolinium injection (IV-method) (n ϭ 9). The identical patients' affected-and unaffected-side CM ratios are connected by the dotted lines. The mean CM ratio of the affected side (1.86 Ϯ 0.74; range, 0.99 -3.17) is statistically higher than that of the unaffected side (1.29 Ϯ 0.31; range, 0.95-1.88) (P Ͻ .05).
tremely inadequate transition of gadolinium agent from tympanic cavity to the perilymphatic space after intratympanic gadolinium injection. It may be useful to compare gadolinium agent transition from the tympanic cavity to the perilymphatic space with a control group who do not have inner ear disorders for further investigation of round window permeability, and it should be a future research project.
The IV-method has features complementary to the ITmethod. The IV-method is capable of detailed investigation of endolymphatic hydrops in both ears, though in general, the degree of perilymph enhancement is lower with the IVmethod than the IT-method. In the present study, the procedure of IV gadolinium injection in the IV-method was the same as that in normal clinical use, though the dose was doubled for our study. Therefore, the difficulty level of the procedure and invasiveness would be lower than those in the ITmethod. In addition, the results of the present study suggest that the variability of the degree of perilymph enhancement is also likely to be less with the IV-method. Consequently, steady enhancement would be expected by using the IV-method. Furthermore, a recent report suggests that a heavily T2-weighted 3D-FLAIR technique would improve the sensitivity of low-concentration gadolinium contrast detection. 26 Although the heavily T2-weighted 3D-FLAIR technique would be preferable to detect low-concentration gadolinium in the inner ear (eg, 4 hours after single-dose IV gadolinium injection), we applied conventional 3D-FLAIR in the present study to compare the IT-and IV-method contrast effect differences because the number of the patients undergoing conventional 3D-FLAIR after intratympanic or double-dose IV gadolinium injection was larger than that of the patients undergoing the heavily T2-weighted 3D-FLAIR at present. On the other hand, the IV-method cannot provide a preliminary prediction of drug distribution to the inner ear from the tympanic cavity, which is possible with the IT-method.
In patients with unilateral Ménière disease who underwent the IV-method, the contrast effect of the affected side was significantly higher than that of the unaffected side, which is similar to the results of a previous study by Tagaya et al, 27 in which they analyzed almost the same patient groups from our institution, though the observer and the references for cochlear signal intensity calculation were different. The results of the present study and of the previous report suggest increased permeability of the blood-labyrinth barrier (more precisely, the blood-perilymph barrier) on the affected side of patients with unilateral Ménière disease. This increased permeability of the blood-labyrinth barrier may have a role in the pathologic condition of Ménière disease, though further investigation is required to clarify this matter.
In 2 unaffected ears of 2 patients with unilateral sudden SNHL who underwent the IV-method, the average hearing levels as the average score at 500, 1000, and 2000 Hz and the CM ratio were as follows: 23.3 dB, 1.02; 38.3 dB, 1.32. In the previous unilateral IT-method study, which applied methods completely identical to those in the present study, the mean CM ratio for the gadolinium noninjected side was 0.52 Ϯ 0.14 (range, 0.30 -0.76; n ϭ 21). 15 The CM ratio of the 2 unaffected ears of 2 patients with unilateral sudden SNHL who underwent double-dose IV gadolinium injection in the present study was higher than that for the gadolinium noninjected side in the previous study. Furthermore, another previous study revealed the cochlear fluid enhancement 4 hours after singledose IV gadolinium injection on 3D-FLAIR in healthy subjects. 22 Therefore, the cochlear enhancement should be observed 4 hours after double-dose IV gadolinium injection in healthy people, though further investigation is required to clarify this matter because the number of controls in the present study was too small for statistical analysis.
In the present study, no side effects relating to gadolinium injection were observed. In animal experiments by using intratympanic gadolinium injection, gadolinium was diluted 8-fold with saline, which is the concentration of gadolinium used in the previous and the present human studies, and showed no marked effect on the stria vascularis. 28 The reports describing intratympanic gadolinium injection in human subjects have been published from several institutions, including ours, [11] [12] [13] [14] [15] [23] [24] [25] [29] [30] [31] and no marked side effects in the inner ear relating to intratympanic gadolinium injection have been reported on clinical application at present, to the best of our knowledge. In addition, intravenously administered gadolinium has been reported to infiltrate inner ear perilymph, 16, 17, 22, 23 and no marked side effects in the inner ear relating to IV gadolinium injection have been reported in the clinical application at present. Therefore, gadolinium agent use in the clinical setting appears safe for inner ear imaging, but future study requires continued vigilance regarding the small possibility of side effects.
The limitations of the present study were that the signalintensity measurement was semiquantitative without the use of external phantoms for reference, the size of the region of interest of the cochlea was small, only 1 radiologist performed the measurements, the gadolinium contrast agents used in the IT-method and IV-method were different, control study of contrast effect between these agents was not done, the ITmethod was invasive, and the IT-method was not performed on both sides in all patients. Although the signal-intensity measurement was semiquantitative, the results by simple measurement of signal-intensity ratio on MR imaging have been reported to correlate well with those obtained by a more quantitative method. 24 In addition, we believe that the small size of the region of interest of the cochleae does not seriously affect the results of the present study because the gadolinium agent distribution to the perilymph was detected on all images, allowing the region of interest to be set with accuracy. To ensure the reliability of the signal intensity measured in the small region of interest of the cochlea and to diminish the measurement error, we determined every region of interest twice for each patient on different days and averaged the signal intensities of the 2 measurements for analysis. Although the gadolinium contrast agents used in the IT-method and IV-method were different and a control study of contrast effect between these agents was not done (Gd-DTPA for the IT-method: molecular weight, 742.79; osmotic pressure ratio to saline, approximately 7; viscosity, 3.03 mPa⅐s, 37°C; and T1 r1, 4.9 mmol/L Ϫ1 ⅐s Ϫ1 ; Gd-HP-DO3A for the IV-method: molecular weight, 558.69; osmotic pressure ratio to saline, approximately 2; viscosity, 1.3 mPa⅐s, 37°C; and r1, 4.6 mmol/ L Ϫ1 ⅐s Ϫ1 ), these differences in the gadolinium contrast agents would not have seriously affected the results of the present study, because the r1 of Gd-DTPA and Gd-HP-DO3A is ap-proximately equal. The fact that the IT-method was not performed on both sides has the potential to bias the results, but injecting gadolinium agent into both sides in all patients should be considered carefully because the IT-method has an invasive character compared with the IV-method.
Conclusions
Overall, the results of the present study suggest that in general, the IT-method provides higher perilymph enhancement than the IV-method. Although the IT-method has higher perilymph enhancement and prediction ability of intratympanically injected drug transition to the inner ear, the IV-method is less invasive and enables observation of the bilateral cochlear condition steadily. Consequently, the appropriate technique must be chosen with consideration of the clinical characteristics of each patient. In addition, the affected-side cochlea had higher contrast effect compared with the unaffected side in patients with unilateral Ménière disease who underwent the IV-method. This difference in the contrast effect may reflect the pathologic condition of Ménière disease.
